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DOI 10.1016/j.str.2007.12.003As the central repository for all macro-
molecular structures, the Protein Data
Bank (PDB) started collaborating with
the worldwide structural genomics pro-
jects from their inception (Berman et al.,
2000, 2003). From the beginning, it was
clear that structural genomics, including
the U.S.-funded Protein Structure Initia-
tive (PSI), would change theways in which
we think about publishing and data shar-
ing. As time has gone on it is becoming
clear that these efforts will make a signifi-
cant impact on how we do structural
biology. By creating an appropriate infra-
structure in the form of a Knowledgebase,
the fruits of the PSI effort can enable
a new kind of biology.
Since 1989, it has become the norm to
submit coordinates as a condition for pub-
lishing articles describing structure deter-
minations (International Union of Crystal-
lography, 1989). For PSI projects, it has
been mandatory to deposit and release
the coordinate and structure factor data
within one month of completing a struc-
ture, prior to any journal publication. The
impact of this policy raises some interest-
ing questions. Would this mean that PSI
research could be no longer published in
standard journals? How would journal
publication practices change? Two things
have emerged so far. First, a PDB entry
can itself be thought of as a publication.
ThePDBnowassigns adigital object iden-
tifier (DOI) to every structure, and these
are beginning to appear as references in
published articles. Second, more than
600 papers describing the results of struc-
ture determinations have been authored16 Structure 16, January 2008 ª2008 Elsevieat PSI centers—subsequent to data re-
lease—andmanymore are in the pipeline.
Whether or not this will become a trend for
non-PSI structures, which are typically re-
leasedafter journal publication, remains to
be seen.
An important aspect of the charter of
the PSI is the suggestion of a new para-
digm for the information sharing in sup-
port of the advancement of science. In
addition to sharing the results of structure
determinations, the PSI projects provide
the sequence aswell as information about
the status of each target under investiga-
tion. It is very unusual in conventional
structural biology for these types of data
to be made public in advance of publica-
tion of the structure. TargetDB (http://
targetdb.pdb.org) tracks status indicators
for each step in the structure determina-
tion pipeline (Chen et al., 2004). Along
with information such as protocols for
protein production, PepcDB (http://pepcdb.
pdb.org) provides the reasons why work on
a particular target has stopped (Kouranov
et al., 2006). The information in these
resources provides methods to facilitate
experimental design, not only for the PSI
projects but also for the biological com-
munity at large. Data sharing that includes
thedisclosure of sequences, tracking, and
protocol details in advance of publication
or deposition into the PDB and the early
release of coordinate and experimental
data is far ahead of current practices
in structural biology. This represents
a significant leap from where we were
25 years ago, when some investigators
worried about making their coordinatesr Ltd All rights reservedavailable to the rest of the research
community!
A review of the progress of the PSI
since it began in 2001 demonstrates that
it has been tremendously successful in
achieving the initial goals of selecting,
producing, and determining the struc-
tures of many novel proteins in a high
throughput manner. More than 2700
structures have been determined; most
remarkably, about half of these have
been determined in the two years since
the second phase, PSI-2, began. Of the
structures determined, more than 68%
are novel, meaning they have less than
a 30% sequence identity with those in
the PDB. Our understanding of structure
space has been transformed in that the
conservation of overall polypeptide chain
folds is greater than had been anti-
cipated. With the clever targeting of
structures for analysis, the coverage of
sequence space that can now be mod-
eled is ever-increasing.
In June 2007, I was selected to lead
the development of the PSI Structural
Genomics Knowledgebase (PSI_SGKB).
The idea was to make the products of
the PSI widely available to the broader
community of biologists. Although I was
very aware of the success of the initiative
with respect to the production of many
structures, I needed to investigate the
full scope of activities of the PSI centers
before accepting this new challenge. In
reviewing all of the PSI center progress
reports and websites, I discovered a
treasure trove. Indeed, the PSI projects
have done more than simply determine
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high throughput methods, they have
significantly removed bottlenecks in all
aspects of the structure determination
pipeline, including protein production,
crystallization, data collection, structure
determination, and refinement. The result
is that PSI structures are determined in
a short period of time at a costmuch lower
than average. The partnerships formed
with synchrotron staff scientists have pro-
vided process improvements that benefit
all of the structural biology community
who rely on beamlines for research. New
validation procedures developed and
used by these initiatives have resulted in
PSI structures that are of the same or
higher quality than many others in the
PDB, and certainly not of the low quality
that had originally been anticipated.
These procedures can and in fact are be-
ing used by others in the structural biol-
ogy community. Methods are also being
developed to annotate structures in an
attempt to help discover the functions of
the approximately half of the structures
with unknown function. Finally, work is
in progress to create new methods to le-
verage these structures and model more
sequence space.
The challenge then for the PSI_SGKB is
to organize this vast amount of data and
information for use by a broad spectrum
of researchers. The goal is to offer a mar-
ketplace of ideas that connect protein se-
quence information to three-dimensional
structures and homology models, en-
hance functional annotations, and provide
access tonewexperimental protocols and
materials. By making all of these products
accessible to the greater community, the
PSI_SGKB will become an increasingly
empowering resource for biologists, bio-
chemists, functional genomists, pharma-
cologists, educators, and physicians.
To achieve these goals, the PSI_SGKB
is being developed as a portal that will
offer a wide variety of services. The prod-
ucts of the PSI centers will be integrated
with external resources and more readily
searchable. The key components of the
PSI_SGKB currently include experimental
data tracking, a materials repository, ho-
mology modeling, annotation, technology
development, metrics, and outreach.
Experimental Data Tracking
TargetDB and PepcDB were originally
established as part of the RCSB PDB totrack the progress of targets studied by
PSI Centers. TargetDB gives the status
of each target and PepcDB provides
information about the protocols used for
protein production and the reasons for
stopping work on any target. Data are
regularly collected, tracked, and made
available via the TargetDB and PepcDB
websites. These resources have both
query and report functionality, and pro-
vide crossreferences to the RCSB PDB,
Pfam, Superfamily, TIGR Families, Pro-
Dom, iProClass, and Prosite (Berman
et al., 2000; Corpet et al., 1998; Gough
et al., 2001; Haft et al., 2001; Hulo et al.,
2006; Sonnhammer et al., 1998; Wu
et al., 2001). PepcDB is an indispensable
and truly unique resource for biologists
who are expressing and purifying pro-
teins for their own experiments.
Materials Repository
A Materials Repository (http://www.hip.
harvard.edu/PSIMR/index.htm) has been
established at Harvard University under
the leadership of Josh La Baer. A mecha-
nism for storing and distributing clones
is in place. When the repository is op-
erational, it will be possible to determine
whether clones are available for any
particular target.
Homology Modeling
For every structure determined by the
PSI Centers, hundreds of models can
be made using a variety of established
methods. At the Workshop on Biological
Macromolecular Structure Models held
in 2005, it was proposed that a portal for
models be launched (Berman et al.,
2006). This would allow access to a variety
of models predicted by different methods
for any target. This portal (http://www.
proteinmodelportal.org), in development
by Torsten Schwede and his team at the
Swiss Institute of Bioinformatics, gives
access to prebuilt models from PSI cen-
ters and also to models calculated from
the contents of UniProt (The UniProt
Consortium, 2007). In the future it will be
possible to build models on the fly.
Annotation
For each target, many different annota-
tions arepossible: structure determination
and validation details; sequence informa-
tion, including possible domain assign-
ments; structure information, including
surface characteristics, cavities, potentialStructure 16, January 20and actual active sites; fold classification;
protein-protein interactions; protein-ligand
interactions; structure-function relation-
ships; and many others. Some of these
annotations are available through the
PSI centers and others made available
through a large variety of resources, in-
cluding the RCSB PDB, Gene Ontology,
ProFunc, ProSite, CATH, and SCOP (Ber-
man et al., 2000; Conte et al., 2000; Hulo
et al., 2006; Laskowski et al., 2005;
Orengo et al., 1997; The Gene Ontology
Consortium, 2000).Many of these annota-
tions will be made available at the
PSI_SGKB site. A workshop will be held
in March 2008 to determine which addi-
tional annotations should also be made
available. Of particular interest will be the
development of a process that will allow
users to add their own annotations, per-
haps using Wiki technology.
Technology Development
The PSI centers have developed cutting-
edge technologies for all stages of the
structure determination pipeline. The de-
scriptions of these technologies would
be enormously useful to the broader com-
munity for use in other research. Paul
Adams at Lawrence Berkley National Lab-
oratory leads the effort developing the
module that provides information about
these technologies (http://cci.lbl.gov/
kb-tech). It will also contain descriptions
of the software, access to applications,
and the software itself, where possible.
Metrics
The ready availability of a variety of met-
rics will make it possible to fully appreci-
ate the productivity of the PSI projects.
The first version of this module (http://
targetdb.pdb.org/MilestonesTables.html)
was developed in collaboration with the
Intercenter Bioinformatics Group. Exam-
ples of metrics include the number of
structures, the numbers of unique struc-
tures, modeling leverage, publications,
and the citations to the PSI initiative.
Outreach
A vigorous outreach and education pro-
gram is being developed to make the
products of the PSI efforts well known
and understood by a broad community.
This initiative will include partnerships
with journals and professional societies.
The PSI_SGKB Portal has entry points
into each of the Module and PSI center08 ª2008 Elsevier Ltd All rights reserved 17
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include: news about the PSI program,
featured PSI structures, and technology
highlights. The Functional Sleuth section
highlights proteins whose function is not
yet known. Users are encouraged to ex-
plore the known annotations for these
proteins and attempt to determine the
function by doing further experiments.
Portal queries are currently supported
for protein sequence, PDB ID, or key-
word. Reports contain: 1) the protocols
that have been used for protein produc-
tion; 2) characteristics of structures that
have been determined; 3) models that
have been generated or could be pre-
dicted; 4) domain classifications using
a variety of methods; and 5) functional
and biomedical annotations. When a
keyword query is performed, the reports
contain links to documents at PSI
Centers, PSI Modules, and the PSI_SGKB
portal.
By providing a ‘‘one-stop shop’’ for
PSI products and open forums for inter-
change of ideas, the PSI_SGKB Portal
will create a new venue for connecting
structural biology with the broader bio-
logical community. The PSI_SGKB is avail-
able for public testing at http://kb-test.
psi-structuralgenomics.org/KB/. We en-
courage the community to explore this test
site and send comments and suggestions
to: comments@psi-structuralgenomics.
org.18 Structure 16, January 2008 ª2008 ElsevieACKNOWLEDGMENTS
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